Solar photovoltaic/thermal(PVT) is a hybrid collector that combines solar photovoltaic cells and thermal collector to convert solar energy into two types of useful energy, i.e. electricity and thermal energy, simultaneously. A PVT collector converts more solar energy per unit surface area into useful secondary energy sources than a combination of separate PV modules and solar thermal panels. This paper presents the 9 months experimental results of a 900W p mcSi solar PVT system that was composed of 6×150W p mc-Si glazed PVT collectors developed in Singapore. The analyses on the operational data reveal the PVT system under the test can achieve the 41.08% of average monthly conversion efficiency. The two stagnation tests, dry and wet test, were performed and the results showed that the maximum temperature of water under dry stagnation test is 64 ºC, while that under wet stagnation test is 65 ºC.
Introduction
Singapore as a country located at the tropical region possesses good solar irradiance that can yield more than 1460kWh m -2 per year. Solar Photovoltaic/Thermal(PVT) collector which converts solar energy directly to electricity and thermal energy is applicable in the country to help harvest more solar energy and reduce its dependence of fossil fuel supply. In a tropical area, water PVT system is adequate for medium-temperature domestic applications with temperature ranging from 40°C to 55°C. To meet this common requirement to hot water, a 150W p mc-Si glazed PVT collector was developed and tested in Grenzone Pte Ltd, Singapore and 900W p PVT system was set up in Singapore Polytechnic for site experiment. The basic structure of glazed PVT collector prototype [1] [2] is explained in Fig.1 . The prototype of glazed mc-Si PVT collector consists of glass cover, ethyl-vinyl-acetate(EVA) encapsulation layer, mc-Si PV cells, EVA encapsulation layer, tedlar sheet, thermal collector and heat insulation material. Fig. 2 illustrates the conversions and losses of solar energy when sunlight reaches the PVT collector. As shown in the figure, part of solar energy enters the collector to be converted to electricity and thermal energy stored in hot water while the rest of solar energy losses due to the convection and radiation on the surface of collector, and through the heat insulation material. The 900W p PVT system was completed in Nov. 2011 and then undergone its site test from Dec. 2011 to Sept. 2012 during which the system was out of operation for other testing in Feb 2012. This paper addresses the operational performance of PVT system and the results of two types of stagnation testing.
Constructions of mc-Si PVT and mc-Si PV Systems under Testing
The structure of 900W p PVT system is presented in Fig. 3 . The system mainly consists of two subsystems, i.e. PV subsystem and solar hot water thermal system. The PV subsystem is composed of 6×150W p PV array, 1.1kW grid-tied inverter and low voltage utility network, while solar thermal subsystem contains 6×1.4m 2 of thermal panel below PV cells, 4×200 liters water tanks, water cooling system, water flow control and measurement systems. The electricity generated by the PVT system was fed to the utility grid. The water fluid system operates as a close loop system with the force circulating water cooling system that was tapped to the PVT thermal subsystem as a controllable thermal load. 
P
To make the PVT system collect more solar energy in a year, PVT collectors were mounted in the shadow free place and faced to the due South with tilted angle at 12º.
Performance of mc-Si PVT system
The 900 W p PVT system completed its installation in Nov. 2011 and started to operate from Dec. 2011. The operational data of PV subsystem, thermal fluid subsystem and weather parameters(solar irradiance, ambient temperature, wind speed, wind direction and humidity) were sampled and collected by datalogger for data processing and analyses.
The total efficiency, 'η PVT ' of a PVT system can be calculated by adding solar electricity efficiency, 'η e ', and solar thermal efficiency, 'η th ', as depicted in Eq.1 [3] [4] :
where E pv (G, T cell ) in kWh is the electrical energy yield of PV subsystem which is the function of solar irradiation, 'G', in kWh/m 2 /day and cell temperature, 'T cell ', in ºC; 'm' is the fluid mass flow in kg/s; 'C p ' is the fluid specific heat in kJ/kg ºC, 'T out ' is the output hot water temperature in ºC, 'T in ' is the input cold water temperature in ºC and 'A' is the surface area of PVT system in m 2 . Based on Eq. 1 and experimental data, the performance of 900W p PVT system is analyzed and summarized in Fig. 4 . The variation of hot water temperature at top of water tank is presented in Fig. 5 . The testing results show that the average and maximum conversion efficiencies of PVT system are 41.08% and 45.67% respectively, the average and highest water temperature are 41.72 ºC and 44.29 ºC respectively. As seen from the figure, no operational data in Feb 2012 are displayed in the figure because the system was out of operation in the month for maintenance and stagnation testing.
Two types of stagnation testing were conducted, e.g. wet stagnation test performed from 08 Feb to 19 Feb when the thermal subsystem was filled with water and dry stagnation test conducted from 20 Feb to 29 Feb when all water in the subsystem was fully drained out. Fig.5 describes the testing results of two stagnation tests. It is noticeable that the maximum temperatures resulting from wet stagnation test and dry stagnation test are 65 ºC and 64 ºC respectively. 
Conclusion
This paper presented the 10 months experimental study on a 900W p liquid type, glazed mc-Si PVT system in Singapore to help to understand the performance of PVT system in tropical region. The results show that by converting solar energy into electricity and thermal energy simultaneously, the developed PVT system can achieve its maximum conversion efficiency at 45.67% and average conversion efficiency at 41.08%. Both wet stagnation test and dry stagnation test were performed, which turned out that the highest temperature of wet stagnation was 65 ºC and that of dry stagnation was 64 ºC.
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